Introduction
Globally, an estimated 36.7 million people were living with HIV, and in eastern and southern Africa, a total of 19 million people were living with HIV in 2016. 1 Globally, 20.9 million people living with HIV (PLWHIV) were receiving antiretroviral HIV and noncommunicable diseases (NCDs) are the major public health concerns worldwide. Studies have reported an increased risk of NCDs such as diabetes mellitus (DM), hypertension, and cardiovascular diseases among PLWHIV. [4] [5] [6] [7] [8] [9] It was found that there was a linkage between HIV/AIDS and NCDs. The linkage is due to either direct effects of HIV or indirectly by ART regimens. [10] [11] [12] The introduction of highly active ART (HAART) improved the prognosis of HIV/AIDS. These improvements include suppression of viral load, increase in CD4 count, prolonged life span of HIV-infected individuals, decrease in opportunistic infections, and decline in HIV-associated morbidity and mortality. 13, 14 However, despite all these benefits, the adverse effects of HAART pose challenges in recent decades with new health issues. The use of such treatment regimen has coincided with the emergency of chronic medical conditions. Studies on HIV-infected individuals have reported a wide spectrum of metabolic alterations associated with HAART, including alteration in lipid and glucose metabolism, peripheral and coronary arterial diseases, 15, 16 and changes in glucose homeostasis and fat redistribution. 17, 18 Hypertension, [19] [20] [21] cardiovascular diseases, 22, 23 and metabolic syndrome and DM 21 were the most common abnormalities related to antiretroviral treatments. A study conducted in Nigeria revealed an increase in the prevalence of hypertension after 2 years of being initiated on HAART. 24 The risk of type 2 DM is increased among PLWHIV and is associated with cumulative exposure to HAART. 6, 7 Furthermore, the therapy seems to affect the risks of developing heart diseases by increasing cholesterol levels and changing fat distribution, particularly increasing abdominal fat. 25, 26 These noncommunicable chronic diseases have significant undesirable impact on the treatment of PLWHIV and their quality of life, and the resulting metabolic imbalances due to the NCDs could affect the long-term prognosis of the HIV patients. 27 Furthermore, coexistence of DM and hypertension in HIV-infected individuals may complicate the management of HIV infection, increasing the risk of morbidity and mortality of these individuals.
Studies have reported different risk factors associated with NCDs. Most of these risk factors comprise a mixture of irreversible elements such as age, sex, ethnicity, and family history and reversible lifestyle habits (physical activity, smoking, and alcohol use). 28, 29 Besides these risk factors, some of the HIV-associated factors include the toxic effect of the drug, 30 CD4 count, and duration and type of HAART. 31 Identification and modification of these factors have important benefits in these patients. In Ethiopia, although there were few findings on the prevalence of DM and hypertension in general populations, [32] [33] [34] [35] there is no adequate evidence on the magnitude of DM and hypertension in HIV-infected individuals receiving HAART. Information related to comorbidities of these NCDs in HIV-positive individuals is needed to inform various HIV programs. Moreover, research need to be undertaken to identify the factors associated with these problems and outline those, which are modifiable factors that can reduce the magnitude of the DM and hypertension in HAART receiving individuals. Therefore, this study was conducted to determine the prevalence and associated factors of DM and hypertension among adult HIV-positive subjects receiving HAART.
Methods

Study site
The study was conducted at Jugal Hospital. The hospital is situated in Harar town, and the town is located east of Ethiopia, 526 km away from the capital city, Addis Ababa. According to the 2007 Central Statistical Agency census report, the total projected population of the Harar region is 183,415. The town has four governmental and two nongovernmental hospitals. Government supported free HIV/AIDS care, including that HAART was delivered in all of these institutions. This study was conducted in one of the governmental hospitals, Jugal Hospital, situated in the Harar town.
Study design and period
An institution-based cross-sectional study was conducted between February and April 2017.
Study population
The study population was adult HIV-positive individuals receiving HAART from the ART center of Jugal Hospital.
Inclusion and exclusion criteria
HIV-positive patients who were ≥18 years having documented HIV infection and were on HAART for at least 6 months were included in the study. HIV-positive patients were excluded if they had opportunistic infections, were on hormonal contraceptives or anabolic or corticosteroid agents, were
Sample size and sampling techniques
The number of HIV-positive individuals needed for this study was calculated based on the study from Jimma (Southwest Ethiopia), which reported a prevalence of 6.4% for DM among HIV-infected individuals. 36 The sample size was calculated by using single-population proportion formula (n=Z 2 P(1-P)/e 2 ) with the following parameters: the level of statistical significance set up at the level of 95% CI (Z) (1.96) and likelihood error (e) (2.5%). Based on this, the minimum estimated sample size was 369. After adding 20% for anticipated nonresponse, we obtained a total of 443 sample size. The study participants were recruited using the convenient sampling technique.
Data collection
After obtaining consent from the study subjects, sociodemographic characteristics such as age, sex, marital status, educational status, and residence area and behavioral characteristics such as habit of alcohol consumption, smoking, khat chewing, and doing physical activity were collected by interviews using structured questionnaires prepared in local language (Amharic and Afan Oromo). The physical activity section included habit of doing vigorous activity, physical fitness, and walking. For information regarding alcohol consumption, cigarette smoking, and khat chewing, data were collected on current drinking, smoking, and chewing status of the study subjects. These responses were measured dichotomously. Furthermore, anthropometric (weight, height, waist circumference, and hip circumference) and blood pressure (BP) data were collected from the study subjects. From the patient's health record, clinical characteristics such as CD4 + cell count, WHO stage, baseline body mass index (BMI), and type and duration of HAART were collected using a checklist. All these data were collected by two experienced clinical nurses.
Blood specimen collection
A total of 5 mL of fasting venous blood specimen was collected from each study participant. Serum was separated from the whole blood and analyzed for glucose, total cholesterol, triglyceride, and high-density lipoprotein cholesterol (HDL-C) at Clinical Chemistry Laboratory of Jugal Hospital, following standard procedures. Blood collection, serum separation, and laboratory analysis were done by two experienced medical laboratory technologists.
Physical measurements BP measurement
Resting BP was measured by nurses using an automated sphygmomanometry. The BP reading was consistently taken from the left arm, three times at 5 min interval. The average of the two last readings was estimated and used in the analysis. High BP (hypertensive) was classified as a BP of ≥140/90 mmHg.
Anthropometric parameters' measurement
The height and body weight were measured to a precision of 0.1 cm and 0.1 kg, respectively, using a digital balance with height measurement attached to it. Weight was measured by placing the weighing balance on a flat hard surface and height was measured while a patient is facing directly ahead. BMI was calculated as a ratio between the weight in kilograms and the square of the height in meters. Waist and hip circumferences were measured to the nearest 0.1 cm using a nonstretchable tape. Waist circumference was made at the approximate midpoint between the lower margin of the last palpable rib and the top of the iliac crest while subjects were standing and breathing normally. Hip circumference measurements were taken at the point yielding the maximum circumference over the buttocks with the tape in a horizontal plane, touching but not compressing the skin. The waist-to-hip ratio (WHR) was determined by dividing the mean waist circumference (cm) by the mean hip circumference (cm). We used the European cutoff to interpret the waist circumference measurements as per WHO. According to the above guidelines, the abnormal waist circumferences of male and female are ≥94 and ≥80 cm, respectively.
laboratory tests
The glucose and lipid profile tests were analyzed using an automated clinical chemistry analyzer (Autolab 18; Boehringer-Mannheim Diagnostics, Indianapolis, IN, USA). They were measured by the direct end point enzymatic method using test reagents from the HUMAN Company (Human Biological Diagnostic, Magdeburg, Germany). Serum glucose level was estimated by glucose oxidase-phenol amino phenazone (GOD-PAP) method. Total cholesterol was determined by the cholesterol oxidase-peroxidase (CHOD-POD) method, and serum triglyceride was measured using the glycerol phosphate oxidase-p-aminophenazone peroxidase (GPO- 
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Ataro et al PAP) method. Precipitation/enzymatic method was used for the measurement of HDL-C. The low-density lipoprotein cholesterol (LDL-C) was calculated by using Friedewald equation, LDL = TC HDL -(TG/5), where TC represents total cholesterol and TG represents triglyceride. 39 The study participants were classified as diabetic using WHO diagnostic criteria when fasting plasma glucose was ≥126 mg/dL. 40 The lipid profile measurements were classified as high total cholesterol if the value was ≥200 mg/dL, high triglyceride if the value was ≥200 mg/dL, high LDL-C if the calculated LDL value was ≥130 mg/dL, and low HDL-C if the HDL-C value was <40 mg/dL.
Data processing and analysis
All the data were cleaned, double-entered into Microsoft Excel spreadsheets, and analyzed using the STATA software Version 13 (StataCorp LP, College Station, TX, USA). Descriptive summaries were presented in terms of mean, SD, median, interquartile range (IQR), and proportions depending on the scale of the variable. Frequencies of diabetes and hypertension were compared according to the main characteristics of the study sample using chi-squared test. For variables that do not satisfy the assumptions of the chisquared test, Fisher's exact test was used instead of Pearson's chi-squared test.
Logistic regression was used to identify factors associated with diabetes and hypertension. Bivariate and multivariable logistic regression analyses were used. Age, sex, educational status, occupational status, marital status, waist circumference (WC), WHR, current BMI, baseline BMI, WHO clinical stage, current CD4 cell count, baseline CD4 count, total cholesterol level, triglyceride level, HDL cholesterol level, LDL cholesterol level, duration of HAART treatment, the habit of smoking, physical activity, alcohol consumption, chewing khat, and eating fruit/vegetables were included in a bivariate analysis. All variables with P-value <0.25 in bivariate logistic regression analysis were further entered into a multivariable logistic regression model to control confounding effects. Crude odds ratio and adjusted odds ratio (AOR) with 95% CI were reported. All statistical tests were two-sided and considered statistically significant at a P-value of <0.05.
ethics approval
The study proposal was approved by Institutional Research and Ethics Review Committee of College of Medical and Health Sciences, Haramaya University. All participants gave informed written consent to take part in this study. Each study subject was informed of the aim and purpose of the study, risks and benefits of participating in the study, and that his/her participation was purely voluntary. Confidentiality was maintained throughout the study period. Each study participant was informed of his/her physical assessment and biochemical test results. Abnormal findings were communicated to their clinician for better evaluation and management.
Results
Sociodemographic characteristics
The sociodemographic characteristics of the study participants are shown in Table 1 . A total of 425 study participants (95.9% response rate) were included in this study. The majority of the respondents were female 297 (69.9%). The overall age range was between 19 and 68 years with mean ± SD 
Behavioral and anthropometric characteristics
Behavioral and anthropometric characteristics of the study subjects are shown in 
Clinical characteristics
At baseline, the median BMI was 19.9 (IQR; 17.6-22.7). About half of the study participants (51.5%) had normal weight. The rest half of the study subjects were underweight (34.6), overweight (12.5%), and obese (1.4%). After starting the HAART, there was a decrease in the proportion of underweight subjects (17.2%). However, there was an increase in the proportion of overweight (23.1%) and obese (7.1%) subjects. At baseline, majority of the HIV patients had WHO stage III (54.4%) and CD4 <200 cells/mL (61.7%). However, at the time of the study, majority of the subjects had WHO stage I (96.9%) and CD4 >500 cells/mL (47.4%). The median treatment duration was 72 months (6 years). At baseline, the most commonly prescribed regimen was 1e (TDF-3TC-EFV) (40.9%) ( Table 3) .
Prevalence of DM and hypertension
Among the 425 patients, 30 patients had DM, corresponding to a prevalence of 7.1% (95% CI: 4.9-9.9). Forty-three (10.1%) and 10 (2.4%) study participants had impaired fasting glucose value (111-125 mg/dL) and hypoglycemic (<70 mg/dL), respectively. The prevalence of hypertension (BP ≥140/90 mmHg) among the study participants was 12.7% (54/425) (95% CI: 9.8-16.2).
Factors associated with DM
Bivariate and multivariable logistic regression analyses on the associated factors of DM are shown in Table 4 . Variables associated with diabetes in bivariate analyses were age, baseline BMI, BP, the level of total cholesterol, triglycerides, and LDL cholesterol. In the multivariable regression analysis, high BP (AOR =3.3, 95% CI 1.1-9.5), increased blood triglyceride (AOR =4.7, 95% CI 1.7-13.1), and high baseline BMI (overweight/obesity) (AOR =8.7, 95% CI 2.4-31.8) were the factors significantly associated with DM.
Factors associated with hypertension
Bivariate and multivariable logistic regression analyses on the associated factors of hypertension are shown in Table 5 . Variables associated with hypertension in bivariate analyses were age, WC, WHR, baseline WHO clinical stage, current BMI, current CD4 count, HAART duration, habit of alcohol drink, and level of total cholesterol, triglycerides, LDL cholesterol, and glucose. In the multivariable regression analysis, raised WHR (AOR =4.6, 95% CI: 1.6-13.3), raised blood glucose (AOR =3.5, 95% CI: 1.1-11.4), increased total cholesterol (AOR =3.9, 95% CI: 1.3-11.9), high current BMI (overweight/obesity) (AOR =3.8, 95% CI: 1.5-9.6), drinking alcohol (AOR =3.4, 95% CI: 1.5-8.1), current CD4 count <500 cells/mL (AOR =2.7, 95% CI: 1.3-5.6), and longer duration of HAART (AOR =2.3, 95% CI: 1.1-5.1) were the factors significantly associated with hypertension.
Discussion
This study was conducted with the aim of determining the prevalence and associated factors of DM and hypertension in HIV-infected patients taking combined ART. In the present study, after starting the HAART, there was a decrease in the proportion of underweight subjects from 34.6% to 17.2% and an increase in the proportion of overweight/obese subjects from 13.9% to 30.2%. There was also an increase in median CD4 count (from 180 cells/mL at baseline to 480 cells/mL during follow-up) and an improvement in WHO clinical stage. Similar improvement and changes have been observed in other studies. [41] [42] [43] This is more likely to reflect the efficacy of ART, suggesting good control of HIV disease by the HAART.
The estimated prevalence of DM in the present study was 7.1%. In Ethiopia, according to WHO report of diabetes country profile in 2016, the national prevalence of DM was estimated to be 3.8% in the general population, 44 and the total prevalence of DM in Ethiopian adult population (20-79 years) was found to be 5.2%. 45 A cross-sectional study conducted in Jimma, southwestern Ethiopia, reported a DM prevalence of 5.3% in general population. 33 Therefore, the present study has a high prevalence of DM among HIV-positive patients compared to the general population of Ethiopia. This could be due to people with HIV having an increased risk of developing a number of serious health problems due to a compromised immune system. Furthermore, HAART might have an impact on the cause of diabetes. These justifications have been supported by studies from developed countries, with prevalence rates of DM among PLWHIV reported to be higher than the general population. 6, 9, 46, 47 In the multicenter AIDS cohort study, the relative risk of diabetes among HIVinfected men taking HAART was more than four times that of HIV seronegative. 6 Therefore, being HIV positive and exposure to HAART were found to be the factors associated with diabetes. 
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DM and hypertension in HIV-infected individuals receiving HAART
Few similar studies conducted in Ethiopia were available for possible comparison of the DM prevalence on the same study population (HIV patients). Finding of the prevalence of DM in the present study was comparable to two studies from Ethiopia conducted on HIV-infected patients taking combined ART, ie, from Jimma (6.4%) 36 and Wolaita Sodo (8%). 48 When we compare our result with studies conducted in developing and developed countries, our finding is comparable to the 7.6% and 7% prevalence of diabetes observed in HIV-infected patients taking combined ART in Benin 41 and Slovenia, 49 respectively. The prevalence of DM in this study was lower than the study conducted from Iran (11.6%), 50 Senegal (14.5%), 21 Tanzania (24.7%), 51 Israel (22.9%), 52 California, USA (12%), 43 and Romania (13%). 53 In contrast, the prevalence observed in this study was higher than the study conducted in Taiwan (3.5%), 54 South Africa (1.3%), 55 India (2.1%), 42 Kenya (1.5%), 56 and Thailand (4.6%). 57 The difference could be attributed to the difference in the participant characteristics that influence these disease conditions. These include variation in life style, HAART regimens (drug-specific effects), and age and sex distribution of the HIV-infected individuals.
The prevalence and severity of hypertension among HIVpositive patients in low-and middle-income countries is only recently gaining attention. Hypertension is among the leading causes of death globally. It increases the risks of stroke, heart diseases, and other diseases. 58 The estimated prevalence of hypertension in the present study was 12.7%, which was lower than the prevalence from the general Ethiopian population. The national prevalence of raised BP (hypertension) was estimated to be 31.2% (95% CI: 23.7-38.9) in the general population aged ≥18 years. 59 The prevalence observed in 
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Ataro et al this study was higher than reports from Jimma, Southwest Ethiopia, in general adult population (9.3%), 60 whereas it was lower than the prevalence from a community-based crosssectional study from Gondar, northwest Ethiopia (28.3%). 34 There was a discrepancy in the prevalence of hypertension among HIV-positive patients and general population (HIVnegative patients). Different studies have reported that HIV patients are at a higher risk of becoming hypertensive than the general population 15, 31 or HIV-negative individuals, 61 whereas others report lower BP in HIV-positive patients or no difference in BP between HIV-positive and HIV-negative patients. 62, 63 Studies on hypertension among PLWHIV reported a wide range of prevalence. When the finding of this study is compared with studies conducted among HIV-positive patients in Ethiopia, the finding is comparable to the study done in Wolaita Sodo, Ethiopia (15.9%) 48 but much lower than a study conducted in another part of the country (Jimma, southwestern Ethiopia) (34%). 36 The finding of this study is also higher compared to studies conducted in Uganda (27.9%), 20 South Africa (19.1%), 55 Senegal (28.1%), 21 Tanzania (48%), 51 Malaysia (19.7%), 64 and Brazil (25.6%). 65 Comparable to the findings of this study, a study from Kenya described hypertension prevalence rates of 11.2% and 7.4% among HIV-positive men and women, respectively. 66 In developed countries (Norway, Spain, Italy, and the USA), the prevalence ranges between 20% and 40% among 
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DM and hypertension in HIV-infected individuals receiving HAART populations exposed to HAART, 19, [67] [68] [69] which are higher than the finding of this study. The study of the South American cohort reported a prevalence of 31.5%, but used a different definition (systolic BP ≥130 mmHg and/or diastolic BP ≥85 mmHg) than that of our study. 70 The observed difference could be due to variation in types of HAART, duration of HIV infection itself, stage of HIV infection, sex, lifestyle, and age difference of the study participants. The other possible explanations for these discrepant results include differences in study design, methodological aspects, and the cutoff values for hypertension.
The bivariate analysis of the present study revealed that being aged >40 years, high BP, increased baseline BMI, increased total cholesterol, increased triglycerides, and increased LDL cholesterol remained to be predictors of DM. Nevertheless, only increased BP, triglycerides, and baseline BMI were found to be predictors of DM in the final model (multivariable analysis). Other sociodemographic and clinical characteristics did not have a significant association with DM.
Different studies reported that the prevalence of DM increased when age increased. It was reported that alterations in glucose tolerance were more prevalent among patients who were older age. 48, [71] [72] [73] [74] In the present study, though age was not found to be a risk factor for diabetes, it was strongly predicted in bivariate analysis. In contrast, higher BMI was found to be a predictor of DM. This finding was in agreement with the study from Denmark, 73 the USA, 75 and France, 76 indicating that HIV-infected individuals showed an increasing risk of DM with increasing BMI. Therefore, older age and adiposity were linked with higher risk of diabetes among PLWHIV.
Different studies reported that the prevalence of DM was higher among patients with longer ART duration compared to those with shorter ART duration; however, in the present study, the difference was not statistically significant. A study from Ethiopia (Jimma) reported 11.6% DM prevalence among participants who had >5-year HAART duration and 2% DM prevalence in those who had shorter duration of HAART (<5 years). 36 A similar study done in Wolaita Sodo, Ethiopia, reported a DM prevalence of 6.8% and 1.1% among individuals with a long HAART duration (>4 years) and shorter HAART duration (<4 years), respectively. 48 In the study from D:A:D cohort, the incidence of diabetes was found to increase with cumulative exposure to combination antiretroviral treatment after adjustment for the potential risk factors of diabetes. 77 Most of the DM participants in this study had higher levels of total cholesterol, triglyceride, and LDL-C, and low level of HDL-C, though only triglyceride showed significant differences in multivariate analysis. This was consistent with the studies done in Malaysia, 64 Nigeria, 63 and Australia. 78 This could be due to the similar risk factors of DM. The abnormal level of lipids could partly be due to the effects of the ART drugs itself, as most of the ART drugs have been linked with low blood levels of HDL cholesterol, raised blood levels of triglyceride, LDL cholesterol, and raised total cholesterol. 79, 80 The comparison between nonhypertensive and hypertensive HIV patients using bivariate analysis showed that the risk factors associated with the presence of hypertension were older age, overweight/obesity, raised WC, increased WHR, decreased CD4 count, longer HAART duration, habit of alcohol use, and increased level of total cholesterol, LDL cholesterol, triglycerides, and glucose. However, raised WHR, raised blood glucose, increased total cholesterol, overweight/ obesity, alcohol use, current CD4 count <500 cells/mL, and longer duration of HAART remained to be factors associated with hypertension in the final multiple regression analysis.
This study showed that subjects who were on HAART for longer duration (≥5 years) remained to be at a significantly increased risk of developing hypertension. The role of HAART for the development of hypertension remains controversial. A report from Norway showed that the duration of HAART was associated with the hypertension. 19 A study from Spain reported a rise in BP after 48 weeks of ART. The authors suggested that the treatment had a partial role in raising BP by improving the patient's health condition. 67 As many studies showed, the likelihood of hypertension increased with advancing age. 65, 81, 82 However, data from the present study did not show significant difference in multivariable regression analysis. In this study, being obese was significantly associated with hypertension compared to having normal BMI. This finding was in agreement with findings reported elsewhere. 19, [65] [66] [67] Obesity of individuals with HIV/ AIDS may be associated with excessive weight gain during treatment with HAART and should be avoided.
Different studies have shown that abnormal level of lipid profile was associated with hypertension. 19, 65, 67 In this study, though raised total cholesterol, triglyceride, and LDL cholesterol and decreased HDL cholesterol lipid profile were observed among individuals with high BP, the difference was significant only for total cholesterol. Risky behavior such as alcohol use was significantly associated with hypertension in this study. The prevalence of hypertension was somewhat higher in smoker patients compared to nonsmoker patients, but the difference was not statistically significant. This may be due to the low prevalence of these factors in the population studied. The strengths of this study include that it provides the opportunity of evaluating the prevalence of hypertension and DM in a rarely studied population (HIV-infected patients receiving HAART). This contributes to improved assessment and better analysis of this problem in the context of resource-constrained countries where study on this topic is rare. However, there are some limitations to the present study. Our study design was cross-sectional and, as a result, it could only identify associated factors and not risk factors. Our sampling technique was convenient; therefore, our sample cannot be considered representative of all HIV-infected patients receiving treatment in the country. Furthermore, this study cannot confirm that the prevalence of DM and hypertension observed in this study is because of HAART. There might be different risk factors responsible for this.
Conclusion and recommendation
DM and hypertension are common in HIV-infected patients receiving HAART, accounting 7.1% and 12.7%, respectively. Hypertension in patients with HIV/AIDS was associated with factors such as raised WHR, BMI >25 (overweight/obesity), alcohol use, CD4 count <500 cells/mL, longer duration of HAART treatment, increased blood glucose level, and increased total cholesterol level, whereas increased blood triglyceride, high BP, and high baseline BMI were the factors associated with DM.
Based on our findings, we recommend regular monitoring and screening of HIV-infected individuals receiving HAART for DM and hypertension for the early detection of diseases and the prevention of comorbidities of HIV and the NCDs. We also recommend the control of the reversible factors associated with DM and hypertension, particularly the reinforcement of dietary advice, guidance, and prevention of excessive weight gain for the prevention of NCDs' morbidity among PLWHIV/AIDS. The health professionals who are working in the hospital should counsel the subjects with respect to risky behaviors such as alcohol use, smoking, and physical activity and should create awareness about the prevention of hypertension and DM to prevent further complication. Future researches that investigate the impact of DM and hypertension on the adherence to the antiretroviral medication and quality of life need to be conducted in this population.
